Introduction
The performance of the CERN 600 MeV Synchro-Cyclotron (SC) has been considerably improved over the past three years with the gradual elimination of the teething troubles experienced after the SC Improvement Programme**.
The decision taken in summer 1976, following the serious difficulties with the rotating condensers, to reduce the intensity goal from 10 uA to 4 uA has been justified in that the machine has run steadily for the last 15 months at an intensity of 3.5-4.2 uA with high extraction efficiency (X70% in fast burst mode) and a good duty cycle. Down The result of the improvements so far made is that Rotco 2 is now used during normal operation at an RF duty cycle of 1:2 (i.e. with the RF pulsed once in every 1980 two possible cycles) and at 20 kV (instead of the 30 kV originally specified). This is sufficient to accelerate 4 pA of protons with a sparking rate often down to one per hour. Rotco 1 has not yet been improved to the same extent, though this is planned, and its rated performance is 1:2 at 18 kV.
Internal targets and Beam Sharing 3)
The accelerated beam may strike an internal target to generate secondary particles for use in the Neutron Room or it may be extracted and sent either towards an external target generating Proton Room beams, or towards the Isolde target. To satisfy the users' demand for beam time a sharing mode of operation is frequently used in which an internal target intercepts a fraction of the accelerated beam, the rest being extracted. The sharing ratio between internal target and extraction is adjusted by altering the axial position of the target. Beam sharing is worthwhile since the 4 pA beam is high enough to provide adequate beams for both users simultaneously. fig. 4 . The tank is evacuated and both it and the inner conductor are water-cooled. The introduction of this tank is facilitated by the fact that the Rotco and the RF generator can be moved away from the cyclotron on rails, thus opening up the necessary 120 cm gap. An additional 3500 1/s turbo-pump was added to evacuate the Rotco in its 'He2+ position.
The mechanical installation of the additional transmission line can be achieved in less than one shift; pumping and RF conditioning take a further 4 or 5 shifts. For this reason it is most convenient to schedule blocks of time with a 3He2+ beam several times each year.
The ion source used for protons can be used for 3He-+ions with no modifications other than the reconnection of the gas bottle. However, a higher arc current is 
Extracted Beam Quality
At the same time as the mechanization mentioned above all windows were removed from the Isolde beam line and retractable alumina screens and secondary emission monitors were installed. Previously the SC vacuum was separated from the Isolde beam line by two windows and an air gap, and in addition two secondary emission monitors were permanently installed in the extracted beam-1981 line. The scattering caused by all this material in the beam increased the emittance considerably.
The effect of these changes is an improvement in the spot produced at the Isolde target and a reduction of the transmission losses, although not by as large a factor as expected. The reason for this is probably that the beam from the cyclotron has two components which could not be observed hitherto. The photograph in fig. 5 shows the spot on an alumina screen placed in after the extraction port: the lenses are all off, and the SC is operating in fast burst. The main part of the beam has an octupole shape provoked by passage through the extraction channel and the SC fringe field, but there is also another component. The origin of this double beam is not yet certain but it is thought to be due to scattering at the septum of the extraction channel. Two SC projects were given importance9) -firstly to accelerate 12C4+ ions 9,10) (and a limited number of other ions having Q/A = 1/3) for use by Isolde and for counter experiments, and, secondly to construct an "Arizona" polarised p+ beam for the active solid state physics and chemistry programmes using WSR11).
Competition from other CERN projects prevented authorization of the Arizona beam, but the possibilities of providing a reasonable beam of polarised p+ from an internal target are being looked into.
I2C4+ Acceleration
The present SC source (hooded arc, hot cathode) can produce multiply charged light ions with no modification. This was proven on the source test stand and by accelerating the light ions on the third harmonic mode up to small radii inside the SC12). The currents achieved were small (e.g. about 10 nA of 20Ne4+) but the loss due to charge exchange was lower than expected from the accepted tank pressure of 1 pTorr13). New measurements showed that, after several weeks pumping, the pressure is around 2-3 10-7 Torrl4), which fits reasonably with the observed beam loss. This stimulated us to further examine the prospects of light ion acceleration in the SC.
To produce a sufficient current of 12C4+ and other ions with a similar charge to mass ratio (Q/A), the arc current in the source will need to be increased considerably"s). The 
